Ternary alloys of cobalt with molybdenum and tungsten deposited from biligand citrate-pyrophosphate electrolyte by pulsed mode exhibit different compositions and surface morphologies depending on current density and on/off time. The structure of binary and ternary alloys was found to be amorphous crystalline, and intermetallic phases Co 7 W 6 and Co 7 Mo 3 were identified in deposits. The coherent-scattering region size of the amorphous part was detected of 2-8 nm. The amorphous structure of ternary alloys and significant content of alloying elements (Mo and W) predetermine improved high corrosion resistance. Corrosion resistance of binary and ternary deposits increases with total content of refractory metals, which associated with molybdenum and tungsten, enhancing corrosion resistance to pitting as well as decreasing in roughness and smoothing out the relief of ternary coatings. Ternary galvanic alloys of cobalt with molybdenum and zirconium with micro-globular morphology with low level of stress and cracks are formed at a current density of 4-6Adm À2 and polarization on/off time 2/10 ms. High corrosion resistance of ternary coatings based on cobalt is caused by the increased tendency to passivity and high resistance to pitting corrosion in the presence of molybdenum and zirconium, as well as the acid nature of their oxides.
Introduction
The range of functional coatings with alloys, the creation of which to a large extent predetermined the progress of modern technologies, can be fully attributed to the advances of electrochemical science. Quite obvious consumer advantages of coatings with alloys, in comparison with monometallic analogues, led to prospects for their widespread use, despite a number of technical difficulties encountered. The twenty-first century brought new challenges-amorphous alloys, nanoscale, nanocrystalline, and nanolaminate structures, film materials with gigantic magnetic resistance or high-temperature superconductivity, multiferroics, etc., became the order of the times, the formation of which on the basis of trivial bimetallic compositions proved impossible. This led to the creation of a new paradigm in practical electroplating-the only alternative to the transition to multicomponent and synergistic alloys and composites. The implementation of it put a number of pressing problems in the design of such polymetallic systems.
The essence of the problem lies in the absence of clear design algorithms for multicomponent alloys with a given level of properties and the presence of a significant number of empirical views, the use of which allowed electrochemical gurus to bypass the obstacles of Mother Nature in creating electroplated coatings with alloys. New tasks required new approaches, but before proceeding to their consideration, let us analyze the essence of the problem in the formulation "Galvanic alloys-the philosophy of synergism".
Alloys
The physical encyclopedia gives the classical definition of an alloy as "a metallic, macroscopically homogeneous system consisting of two or more metals (less commonly metals and nonmetals) with characteristic metallic properties." The etymology associates the material with the method of its preparation-the combination of individual components during melting followed by crystallization of the melt, although dozens of other methods are currently known. In addition, the definition of "macroscopically homogeneous" raises the question of whether heterogeneous structures (mechanical mixtures) belong to the alloy community. Apparently, it is more correct to speak of metal alloys as homogeneous or heterogeneous systems, as well as intermetallic compounds, although it is quite obvious that real alloys often contain all three types of these structures. Regarding the "metallic properties," we note that a wide class of compounds-"synthetic metals" [1, 2] -has all the above features (hardness, electrical and thermal conductivity, opacity, gloss, etc.), but does not contain metals at all, if you do not take attention cations.
Galvanic alloys
In this formulation, the nature of the material and the method of its production are inextricably linked, but with all the apparent uniqueness, and there is a number of significant differences not only in the structure and properties of metallurgical and galvanic alloys but also in the concentration ratios of the components in the material. During electrolytic deposition, alloys can be formed that differ essentially in their phase composition and properties from those obtained by thermal means. This expands the range of technical capabilities of electrolytic alloys and their field of application.
Synergism
The term "synergetic" means joint or corporate action, and the synergistic effect is an increase in the efficiency of activity as a result of integration, the merging of separate parts into a single system. The question is to what extent the terminology of synergetic, or rather, actually synergism, is applicable to such objects as electrolytic alloys? From the definition of the object of research of synergetic "processes in complex open non-equilibrium systems …" [3] , it follows that the combination of these system-forming features is fully applicable to process in electrochemical systems, which include alloy formation. Indeed, such an electrochemical system is complex, open, and nonequilibrium under the conditions of application external polarization.
For example, the advantage of coatings with alloys in comparison with individual metals, as well as the realization of synergism during the electrolytic alloy formation, manifests themselves in a change in the microhardness of materials depending on their composition and structure ( Table 1) . It is obvious that the formation of intermetallic compounds in the systems "metal of the iron family-molybdenum or tungsten," as well as the formation of amorphous structures, creates the prerequisites for a super-additive increase in the microhardness of the coatings.
Among the methods for solving complex technical problems, we will highlight both a deep understanding of the problem by creating a formalized description based on a systematic approach, followed by analysis and synthesis of complex systems, and a black box principle that does not involve a combination of the above actions, but is no less effective when using artificial intelligence tools, for example, artificial neural networks [9] . It is clear that the most significant results can be achieved with the integrated use of both approaches. In the first case, the electrochemical system (ECS), as a complex object in which the phenomena of substance transfer and electrical and thermal energy are realized, is characterized by a set of input and output variables, a set of parameters of electrode reactions and related physic-chemical transformations.
Since all components of the system are in constant development, they should be considered as processes, extending this procedure to subsystems. Therefore, to describe ECS in the field of external disturbances, it is necessary to identify the elements and links that make up the system and to establish the interaction between them, thus linking the functions and structures [10] . The set of processes in ECS can be represented as the implementation of transformations in the intersection of the subsets: ionic medium (electrolyte), electrode (electrode material), external disturbances (individual factors, as well as their joint or complex effect), as we have previously shown in the framework of corrosion protection analysis [11] .
Among the most significant external influences, it is necessary to attribute, mainly, the different nature of the field (vector quantities), among which are:
• an electric field (polarization), including nonstationary modes of electrolysis with varying amplitude and temporal characteristics;
• a temperature field, which allows control not only the temperature of the reaction volume but also the aggregation state of individual elements (solutions-melts-gas phase), while the rate of change ΔТ/Δt allows you to control the transformation routes (for example, supersaturation of solutions, the formation of 2-and 3-dimensional nuclei, the formation of amorphous structures, etc.);
• a magnetic field (factor in electrochemical processes is nonexhaustible, but the studied is completely insufficient),
• a pressure (creation of excessive pressure or vacuum); • an impulse of movement, including the ultrasound field (mixing, transfer of reactants, or electrolysis products);
• a radiation (radiation field), which, depending on the nature, can lead, for example, to radiolysis, change of electrolysis conditions under the action of laser irradiation or structure and surface properties of the electrode material, as well as other changes in the state and properties of individual phases and even transformation routes;
• a gravitational field, which changes the conditions for the electrochemical processing (e.g., the stages of transportation), as well as other, less significant effects.
As an example, one can analyze the contribution of individual groups of process parameters ( Figure 1 ) to the formation of synergistic alloys [12] . Thus, varying the composition of the electrolyte, the modes and parameters of the electrolysis, we electroplated iron alloys with refractory metals of different compositions and morphologies [13] [14] [15] , which determine the level of functional properties ( Figure 2) .
Cobalt-based alloys are widely used as construction materials for different technic applications, for example, super alloys for aircraft turbine vanes and blades, alloys for powerful, high-coercive force magnets, hard metal alloys for cutting tool materials, and protective hard coatings. Cobalt is utilized as a matrix of special materials, including alloys for dental and surgical implants or bone fracture fixation, thermal resistant materials (Fe▬Ni▬Co, Co▬Fe▬Cr), magnetic recording thin films, catalysts [16] , etc.
The addition of refractory metals (molybdenum, tungsten, zirconium, etc.) even in small amounts to cobalt significantly extends the functional properties of materials. In some cases, of particular interest is the implementing of these properties in thin surface layers. High adhesion and a wide range of coating composition are provided by electrodeposition from aqueous and nonaqueous solutions. Electrodeposition peculiarities of binary and ternary cobalt alloys with molybdenum as well as their properties are reflected in promising publications. Cobaltmolybdenum (ω W is 10%) films with low coercivity and high saturation magnetization were formed from a sulfate-citrate bath [17] . It was shown that the dependence of electrolytic alloy structure on the current density, namely a close-packed hexagonal structure, was formed at low cathodic polarization, and both crystalline and amorphous structures were appeared at higher polarization [18] . High adherent, compact, and uniform cobalt and cobalt-molybdenum coatings with 1-8 wt. % Mo were deposited onto copper substrates from ionic liquids based on choline chloride (ChCl) at a current density of 7-25 mA cm
À2
,at90-100°C [19] . Cobaltmolybdenum-boron amorphous electrolytic alloys of composition, wt. %: Co-51, Mo-47, and B-2, were deposited from citrate-phosphate-ammonia bath at a cathode current efficiency of 29-65%. Above materials exhibit high hardness, corrosion resistance, wear resistance, and also sufficient ductility [20] . Cobaltmolybdenum-phosphorus (Co▬Mo▬P) coatings containing 8% Mo, 20% P, and Co balance were deposited from citrate-phosphate electrolyte and were recommended as barrier layer to replace nickel [21] . The amorphous Co▬Mo▬C coatings were deposited with additional exposure of working electrode in the magnetic field. The content of Mo in the coatings deposited in a magnetic field increases up to 34.2 at. % as compared with traditionally deposited alloys [22] . A growth of overvoltage during hydrogen evolution at above materials was also observed.
Thus, in particular, the light lustrous uniform coatings made of iron binary and ternary alloys with refractory metals were deposited from complex electrolytes both at direct and pulse current. It was noted fairly high deposition rate up to 20 μm/h and the current efficiency of 60-85%, which is much higher as compared with the results of other scientists [23] [24] [25] . The morphology and topography of the coatings were shown to be depended on the nature of alloying refractory metals and the electrolysis modes on the course of the electrochemical alloy forming reactions. The reason was the change in the nature of the discharging particles and the limiting stage of the net electrode process. The biligand citrate-pyrophosphate electrolyte [26, 27] was used for codeposition cobalt with molybdenum and tungsten to overcome significant potential difference of alloying metals which also are reduced multistage [12, 13] . The binary Co▬Mo [26] and Co▬W [5] deposits were obtained, and their composition was controlled by the variation of the pH and the concentration ratio of alloying metals' and ligands in a bath. The formation of hetero-nuclear complexes cobalt, molybdate, and tungstate with citrate and pyrophosphate, and complexes subsequently reducing into an alloy, may be competing with each other as it was shown for iron ternary [28, 29] , Co▬Mo▬Zr [30] and Co▬Mo▬W deposits.
Ternary Co▬Mo▬Zr alloys were also deposited from citrate-pyrophosphate electrolyte with optimal concentration ratio of molybdate and tungstate for ligands [30, 31] . It was shown the advantage to use electrolyte with tungstate excess compared with molybdate. In addition, the use of pulse current was contributing to the deposition of ternary alloys with a high content of refractory metals. Figure 3 shows the current efficiency and composition of deposits Co▬Mo▬W plated from bi-ligand (citrate-pyrophosphate) bath in pulse regime at ratio t on / t off = 5/20 ms. The total deposition time is 30 min. As we can see from the plots, the total alloying metal content in the deposits Co▬Mo▬W rises from 19 at. % up to 30 at. % with increasing cathodic polarization from 4 to 10 A dm
Co▬Mo▬W electrolytic alloys

À2
. This phenomenon is quite natural and is due to the shift of the electrode potential in the site of oxometalates reducing with increasing current density. The decrease in the alloying metal content with an increase in the current density of more than 10 A dm À2 is associated with the intensification of the side reaction of hydrogen evolution. The current efficiency decreases with current density also due to the impact of the side reaction of hydrogen evolution. Indirectly, a decrease in the current efficiency with an increase in the refractory metal content may be due to the alloy catalytic activity in the electrolytic hydrogen evolution.
Both the morphology and composition of ternary alloys deposited in pulse mode at current density 8 A dm
, on/off time 5/20 ms depend on the electrolyte temperature ( Figure 4) . Since it was established earlier that lower current densities 5-7Adm À2 favor higher current efficiency, this growth is due to the formation of Figure 3 .
Dependence of current efficiency Ce, total refractory metal content (a), and Mo or W content (b) in
Co▬Mo▬W alloy on applied current density.
intermediate molybdenum and tungsten oxides instead of metals as suggested by the appearance of the deposited coatings. Those plated using current densities 8Adm À2 are smooth, compact, and microglobular. Those obtained using higher temperature of 50°C (Figure 4b ) have developed globular surface with larger sizes of agglomerates and microspheroids. With an increase in the temperature, the relative content of molybdenum also increases, and tungsten one changes slightly. Despite WO It is obviously molybdenum and tungsten compete with each other during deposition into an alloy, and therefore the atomic ratio of metals in the coating differs from the ratio of oxoanion concentrations in the electrolyte [30] . In turn, the atomic ratio of metals in the alloy determines the structure of the morphology of the surface layers. So, it is the increase in ω(W) that causes deep microcracks in the coating to a greater extent than the growth of the total refractory metal content [33] .
Time parameters of pulsed electrolysis namely on/off time impact the current efficiency and composition of ternary alloys ( Figure 5 ). Increasing the polarization time within the range of 2-5 ms at the current density of 10 A dm À2 and pause time 20 ms promotes content, both refractory components, in the coating (Figure 5a ) but more significantly for tungsten. No any significant change in refractory metal content observed at longer polarization. As it follows from experiment (Figure 5b) , the optimal off-time for alloying metal content is in the range of 15-20 ms when ontime is 5 ms. Thus, we can conclude that the pulse/pause ratio of 1/ (3-4) provides the maximum content of molybdenum and tungsten in the alloy. Considering the molybdenum competition with tungsten when forming hetero-nuclear complexes discharged at the cathode, the energy and time parameters of electrolysis despite 
Dependence of refractory metal content and current efficiency for Co▬Mo▬W alloys deposited from bi-ligand bath on parameters of pulse electrolysis: on-time (a) at t off = 20 ms and off-time (b) at t on = 5 ms.
the ratio of the molybdate and tungstate concentrations in a solution are the tools for ternary alloy composition control.
Current efficiency decreases in the range of 87-52% when increasing on-time is caused by the hydrogen evolution enhancement (Figure 5a ). Prolong the pause as compared with pulse time positively influences the current efficiency as subsequent chemical reactions accompanying the alloying metals discharge are more fully. A larger current interruption than for 20 ms reduces the efficiency of the process (Figure 5b) as it was also observed in [34] . Thus, high refractory metal content in the Co▬Mo▬W alloy while maintaining a reasonable value of current efficiency Ce 70-75% at a current density of 10 A dm À2 is achieved with t on /t off = 5/20 ms. Figure 6 shows X-ray diffraction patterns for Co▬Mo▬W alloys deposited on a copper substrate at a pulse current amplitude of 8 A dm
À2
; t on /t off = 2/10 ms ( Figure 6 , black line) and a direct current density of 4 A dm À2 ( Figure 6 , red line); T = 30°C; coating thickness is 20 μm.
The X-ray diffraction patterns indicate an amorphous-crystalline structure of the alloys. The high intensity peaks at 60 and 90°are copper substrate lines. We can see some peaks corresponding to α-Co phase, intermetallic phase Co 7 W 6 as previously for binary Co▬W alloy [32] , additional reflections of the intermetallic compound Co 7 Mo 6 , and rather wide halo with width about 15°is detected at angles 2θ of 43-58°( Figure 6 ) that reflects amorphous structure for both coatings deposited at pulse and direct current. The most important fact is the appearance of reflexes of metallic molybdenum and tungsten on XRD patterns for Co▬Mo▬W alloys deposited at pulse current. Such a character of X-ray diffraction patterns for coatings obtained by pulse current confirms our proposed mechanism of alloy formation [14, 28] . Metallic tungsten and molybdenum are formed in the chemical stage of reduction of refractory metal intermediate oxides during the pause of polarization. Such a pattern, along with decreasing tungsten content in the ternary alloy Co▬Mo▬W compared with a binary Co▬W [32] , also indicates molybdenum and tungsten competition during deposition in the alloy. The coherent-scattering region size of the amorphous part is 2-8 nm. 
Co▬Mo▬Zr electrolytic alloys
The molybdenum content in Co▬Mo▬Zr alloys changes with current density increasing in the range of 2-4Adm À2 (Figure 7a ) similar to the Co▬Mo▬W films. At the same time, we observe a wider range of current densities of 4-8Adm
À2
providing coatings with molybdenum content of 24-25 at. %. Coating enrichment by molybdenum with increasing current density is entirely predictable since the molybdate electrochemical behavior is associated with multi-stage process following by chemical reducing of intermediate molybdenum oxides with hydrogen adatoms H ad [27, 29, 35] . The cathode potential at Co▬Mo▬Zr electrodeposition is rather negative À(2.0-2.8) V (Figure 7b) and it becomes more negative with current density, that resulting in acceleration of side reaction producing H ad which are involved in a chemical step of reducing intermediate molybdenum oxides. Exactly due to above reasons, the molybdenum content in the deposits is increased. However, at current densities above 8 A dm
, hydrogen evolution reaction becomes the dominant as evidenced by the decreasing current efficiency (Figure 7b) , whereby the molybdenum content in the alloy decreases.
The zirconium content in the ternary coatings reaches 3.6-3.7 at. % with increasing current density up to 4 A dm À2 ( Figure 7a ). As it follows from the experimental data as well as previous investigations [26] , molybdenum and zirconium competition is observed when codeposited to get the ternary alloy at higher current density than of 4 A dm
. Such behavior is associated with the different mechanisms of alloying metals reducing from citrate-pyrophosphate electrolyte. Really, molybdate reducing to metallic state proceeds through the six electrons transfer accompanied by the removal of four oxygen atoms. Therefore, deposits may also contain incompletely reduced intermediate molybdenum oxides. Zirconium is likely included in the deposit in the form of oxygen compounds ZrO x due to higher binding energy Zr-O [31] . The EDS analysis data confirm the oxygen availability in the composition of the surface layers [31] .
Nonlinear dependences of current efficiency Ce on the deposition current density ( Figure 7b) were obtained, and Ce increases by 20% and reaches 63% with a rising current density from 5 to 8 A dm
; however, further increase in i reduces the current efficiency up to 47%. Such behavior may be attributed with acceleration of site hydrogen evolution reaction at more negative potentials.
Pulsed electrolysis allows the use of higher current densities, and not only energy parameter but also polarization time t on and current interruption time t off as well as its ratio are effectively used to control deposit composition and current efficiency. The shortest pulse duration should ensure the achievement of the alloy deposition potential, as well as t on is limited by the requirements for the visual quality of coatings and efficiency of electrolysis while minimizing side reactions.
Electrodeposition of Co▬Mo▬Zr alloys is the relevant example to demonstrate the benefits and flexibility of pulsed electrolysis control. Molybdenum and zirconium content in the alloys deposited at a current density of 4 A dm À2 rises when increasing pulse time of 0.5-2 ms while maintaining pause time 10 ms (Figure 8a) . Obviously, the real current value increases at the expense of a full signal handling, thereby achieving potential of alloying metal reduction in alloy. However, an increase in the pulse duration of more than 2 ms reduces the zirconium content; therefore, it does not seem appropriate.
As follows from the experimental data (Figure 8b ) prolong current interruption time of 5-10 ms everything else being equal promotes zirconium content in the alloy of 2.1 up to 3.7 at. %; although increasing the pause reduces the incorporation of this metal in the alloy. Thus, the top zirconium content in the electrolytic deposits is reached at the ratio t on /t off = 2/10 ms (duty factor q = 10 and f = 85 Hz). It should be stated, the molybdenum percentage in Co▬Mo▬Zr deposits rises from 16.0 to 24.0 at. % with the pause duration (Figure 8b ) due to more complete chemical reducing of intermediate molybdenum oxides by H ad . It also confirms difference in zirconium and molybdenum reducing mechanism as well as their competition when deposited into the alloy.
As for Co▬Mo▬W alloy, current efficiency of Co▬Mo▬Zr deposition decreases with increasing pulse time due to acceleration of side reaction. Prolonging the pause contributes to the current efficiency as the following chemical reactions accompanying the alloying metal discharge are more full; and a larger current interruption reduces the efficiency of the process. Thus, current efficiency reaches maximum 98% when t off = 50 ms and t on = 2 ms.
Surface morphology of Co▬Mo▬Zr coatings changes with increasing the current density amplified internal stress that leads to fracture grid ( Figure 9 ). The coating surface becomes less smooth and more globular, and the crystallite sizes increase at the higher polarization and respectively at larger molybdenum content (Figure 9a and c) . EDS analysis data ( Figure 10) show sufficiently uniform distribution of the alloying metals on uneven relief of the deposits which is typical for pulsed electrolysis and emphasizes its advantage over stationary. Increasing in polarization time at a fixed pause contributes growth of irregular spheroids on the surface; and microcracks become larger as observed in [36] . Furthermore, the coatings deposited at the current density of 6-8Adm À2 and on-time of 10 ms are more porous as compared with other ( Figure 9b and c) , apparently due to accelerated hydrogen evolution. Figure 11 shows X-ray diffraction patterns for electrolytic alloys Co▬Mo▬Zr deposited at a pulse current amplitude of 4 A dm À2 (Figure 11 black line) and 8Adm À2 (Figure 11 red line) . A series of diffraction lines for α-Co on X-ray diffraction patterns for Co▬Mo▬Zr deposits on steel substrates was obtained ( Figure 11) . The high intensity peaks at 52, 60, and 90°are copper substrate lines. We can see peaks corresponding to intermetallic compounds Co 3 Mo and Co 7 Mo 6 . Furthermore, one can find a small halo with full width at half maximum about 10°a t angles 2θ 48-58°$59°, which indicates an XRD amorphous structure of above materials [34] . Thus, the X-ray diffraction patterns indicate an amorphouscrystalline structure of the alloys. The most important fact is the appearance of reflexes of metallic molybdenum on XRD patterns for Co▬Mo▬Zr alloys deposited at higher current density 8 A dm À2 (Figure 11 red line) . In addition, the higher intensity of intermetallic compound reflexes is due to the enrichment of the alloy with the refractory component. The coherent-scattering region size of the amorphous part is 2-6 nm.
Corrosion behavior of binary and ternary cobalt electrolytic alloys
It is obvious that hydrogen ions H + are the oxidizing agents for cobalt-based electrolytic coatings in acidic medium, as well as in neutral and alkaline environment, only oxygen is a strong oxidizing agent [37] . Open circuit (corrosion) potentials Е oc of coated samples in corrosive solution with pH 3 are more positive than the potential of steel substrate which indicates the anodic control of corrosion process. The deep corrosion index k h is reduced by almost three orders of magnitude ( Table 2 ) and such inhibition in alloy corrosion is due to the acidic nature of refractory metals and zirconia oxides forming on the surface in oxygen containing media. The corrosion index of ternary alloys in acidic and neutral chloridecontaining environment is almost halved compared with binary systems ( Table 2) . Such corrosion performance is associated with a decrease in roughness and smoothing out the relief of ternary coatings as compared with binary. In addition, the combined presence of molybdenum and tungsten or zirconium in the coatings provides a synergistic effect due to molybdenum and tungsten enhancing corrosion resistance to pitting as well as zirconium increasing tend to passivity. Moreover, with increasing total content of alloying metals, corrosion resistance increases.
Open circuit potentials of coated samples in corrosive solution with pH 11 are slow negative as compared with steel substrate (Table 2) , that stipulates cathodic control of corrosion process. Such corrosion performance is mainly due to the basic nature of cobalt (II) oxides and hydroxides, which hinders the oxygen transport. The difference in corrosion rate of substrate and coated samples in such conditions is somewhat less-the deep corrosion index k h is reduced by almost two orders of magnitude.
Summarizing and relying on the results of earlier studies [12, 15, 26, 31, 32] of the ternary cobalt alloy functional properties, it is possible to present their application areas in the table form ( Table 3) . This table reflects the composition, appropriative properties (microhardness Hv, corrosion resistance, and catalytic activity in hydrogen evolution reaction indicated as hydrogen exchange current density lgi 0 H ), and technological application of designed coatings.
Summarizing the observations
Ternary Co▬Mo▬W electrolytic alloys deposited from citrate-pyrophosphate bath at pulse current composition and surface morphology were shown to be dependent on the current density and on/off time. The top refractory metal content in deposits was obtained at the current density of 9-10 A dm À2 and on/off time of 5/20 ms, but increasing current density diminishes efficiency of electrolysis. Tungsten content in the alloy was found to be much lower than molybdenum: W-2-7 at. % vs Mo-16-22 at. % when depositing Co▬Mo▬W from the electrolyte with the oxometalate ratio Mo:W as 1:2. Structure of the ternary alloys was found to be amorphous-crystalline, and coherent-scattering region size was detected of 2-8nm. Ternary coatings contain intermetallic phases Co 7 W 6 and Co 7 Mo 3 . The amorphous structure of ternary alloys and significant content of alloying elements (Mo and W) provide high corrosion resistance increasing with total content of refractory metals.
Ternary galvanic alloys Co▬Mo▬Zr of different compositions and morphologies are deposited from citrate-pyrophosphate electrolyte at pulse current. Coatings with micro-globular morphology possessing low level of stress and cracks are formed at the current density of 4-6Adm À2 and on/off time 2/10 ms. Structure of Co▬Mo▬Zr alloys was found to be amorphous crystalline, and coherent-scattering region size was detected of 2-6 nm. Ternary coatings contain intermetallic phases Co 3 Mo and Co 7 Mo 6 .Co▬Mo▬Zr coatings high corrosion resistance is due to the molybdenum and zirconium tend to passivity, as well as the acid nature of their oxides.
The designed coating application areas corresponding to the functional properties are presented. 
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